
Annals of Thoracic Medicine - Vol 9, Issue 2, April-June 2014 81

IL-4 receptor alpha single-nucleotide 
polymorphisms rs1805010 and 
rs1801275 are associated with 
increased risk of asthma in a 
Saudi Arabian population
Saleh Al-Muhsen1,2, Alejandro Vazquez-Tello1, Ashraf Alzaabi3, 
Mohamed S. Al-Hajjaj4, Hamdan H. Al-Jahdali5, Rabih Halwani1,2

Abstract:
BACKGROUND: The IL-4 receptor alpha subunit (IL-4Rα), when associated with the common gamma chain 
receptor, or the IL-13Rα1 subunit, transduces signals to STAT6 in response to IL-4 and IL-13 stimulations. This 
results in a number of cell-specific responses including Th2 differentiation, lymphocyte proliferation and IgE 
production. Given the prominent role of IL-4Rα in allergic disorders, several single-nucleotide polymorphisms 
(SNPs) have been found associated with asthma and other atopic disorders, including rs1805010 (I75V) and 
rs1801275 (Q576R) SNPs; however, lack of significant association have also been reported for some ethnic 
groups. The objective of this study was to determine whether IL-4Rα rs1805010 and rs1801275 polymorphisms 
are associated with asthma in patients from Saudi Arabia.

MATERIALS AND METHODS: One hundred and ninety severe asthmatic patients (11-70 years old) and 194 
healthy subjects of equivalent age range were recruited for blood donation. DNA was purified and genotyping 
for rs1801275 and rs1805010 polymorphisms in the IL-4Rα gene was performed by PCR amplification, followed 
by cycle sequencing of the purified PCR fragments using BigDye chain terminator and capillary electrophoresis.

RESULTS: Pearson’s Chi-square tests showed that the minor alleles, G, for both rs1805010 and rs1801275 
SNPs, were significantly more frequent in asthmatics than in the healthy group (Yates’ P < 0.05); conversely, the 
major alleles, A, were significantly more frequent in healthy than in asthmatics (P < 0.05). Concerning association 
analysis, odds for A/G-G/G genotypes were significantly higher to be associated with asthma predisposition 
(rs1801275: OR = 2.12; 95% CI = 1.39-3.22; P < 0.001*; rs1805010: OR = 1.6; 95% CI = 1.01-2.53; P < 0.05*; 
dominant model). Analysis of gender-genotype interactions, with genders nested within A/G-G/G, indicated higher 
odds for females than males of significant association with asthma (rs1801275: OR = 5.19, 95% CI = 2.09-12.94*; 
rs1805010: OR = 3.73, 95% CI = 2.06-6.74*). Rs1805010 and rs1801275 were in linkage disequilibrium (D’ = 
0.27; P < 0.0004*), with G-G haplotype being more frequent in asthmatics than in healthy subjects (OR = 2.43, 
95% CI = 1.59-3.71*).

CONCLUSIONS: The risk alleles, G, of IL-4Rα rs1805010 and rs1801275 SNPs and corresponding A/G-G/G 
genotypes were significantly associated with asthma predisposition in asthmatics from Saudi Arabia.
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Introduction

The IL-4 receptor alpha (IL-4Rα, also called 
CD124) gene encodes a single-pass trans-

membrane subunit protein which, when 
associated with the common gamma chain 
(γc, also called Interleukin-2 Receptor Gamma 
subunit, IL-2Rγ) constitute the IL-4Rα/IL-
2Rγ complex receptor for its ligand, IL-4 
cytokine.[1,2] IL-4Rα subunit can also form 
another receptor complex with the trans-
membrane IL-13Rα1 subunit, serving as docking 
site for IL-13 cytokine signaling.[3] Although 
ubiquitously expressed, the highest levels of IL-
4Rα expression are observed in B lymphocytes; 

other cells expressing relatively high levels 
are CD4+ and CD8+ lymphocytes, as well as 
monocytes, dendritic cells and macrophages.[4-7] 
The high expression levels of IL-4Rα in CD19+ 
B lymphocytes is congruous with its active role 
in isotype class-switch recombination and IgG4 
and IgE production, in response to IL-4/IL-13 
or allergen stimulations.[8,9] Thus, the crucial 
importance of IL-4Rα in IgE production was 
demonstrated in mice, in which inactivation of 
the receptor results in complete suppression of 
the IgE immune response.[10] In addition, IL-4Rα 
and its ligand, IL-4, stimulate T lymphocyte 
proliferation, and promotes apoptosis resistance 
and differentiation of naïve CD4+ cells into Th-2 
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lineage cells.[4,11] Furthermore, IL-4Rα is a vital component of 
the allergen sensitization pathway and allergy induction, and 
plays an essential role in the pathogenesis of asthma through 
IL-13 and IL-4 cytokines signaling.[12-14] Not surprisingly, 
IL4Rα is currently considered a key therapeutic target, where 
its partial blockage could help relieve symptoms in atopic 
asthmatics.[2,12,15,16]

Considerable interest and effort have been dedicated to 
determine the possible contribution of single nucleotide 
polymorphisms (SNPs) on the susceptibility or predisposition 
of atopic patients to develop asthma.[17-20] In fact, genetic 
association studies identified a large number of genes 
having significant association with asthma susceptibility, 
including IL-4Rα.[21-24] However, the challenge remains to 
replicate those findings in different ethnic populations, and 
to understand the gene-environment interactions, which 
very likely contribute to the heterogeneity in the responses 
of patients to asthma medications.[25,26] The IL-4Rα gene is 
highly polymorphic and several SNPs have been associated 
with different immune-related disorders, including atopy 
and asthma, although not without discrepancies.[8,10,27-29] The 
rs1805010 polymorphism (A→G) is a type of ‘gain-of-function’ 
mutation, which results in substitution of isoleucine for valine 
(I75V) in the extracellular domain of IL-4Rα subunit; in vitro, 
this mutant receptor with enhanced IL-4 signaling appears to 
promote a sustained phosphorylation and hence, keep STAT6 
transcription factor abnormally active, even upon withdrawal 
of IL-4 stimulation.[28,30] The rs1801275 (A→G) is another 
gain-of-function mutation also aberrantly enhancing signal 
transduction, which results in glutamine being substituted 
by arginine (Q576R) in the intracellular domain of IL-4Rα; it 
is situated beside the critically important tyrosine-2 residue, 
which is part of the docking site for STAT6.[31] Since its 
identification, the Q576R mutation was found to significantly 
predispose people to atopy, and was also associated with 
elevated CD23 levels in response to IL-4 stimulation.[31,32] 

However, discrepancies in genetic association studies for 
various ethnic groups have also been reported. A number of 
studies found significant association of SNPs with allergy-
related diseases and autoimmune disorders; for instance, both 
the rs1805010 (A/A genotype) and the rs1801275 (A/A and 
A/G genotypes) were reportedly associated with incidence 
of rheumatoid arthritic nodules.[36] Other studies found these 
SNPs significantly associated with asthma and asthma-related 
symptoms.[29,36-41] Yet some studies failed to find significant 
association with asthma,[10,42] or with other immune disorders 
such as eczema[43] and diabetes.[44] Possibly, discrepancies 
among the studies could result from the influence of both the 
environment and distinct genetic backgrounds among ethnic 
groups. Gene association studies in asthmatics from Saudi 
Arabia are very limited;[22] therefore, we sought to examine 
the possible association of rs1805010 and rs1801275 SNPs with 
asthma prevalence in asthmatic patients from Saudi Arabia.

Materials and Methods

One hundred and ninety severe asthmatic patients (age 
from 11-70 years old), and 194 healthy subjects of equivalent 
age range were recruited for blood donation at the King 
Khalid University Hospital (KKUH), Riyadh, Saudi Arabia. 

Identification for severe asthma was determined based on 
symptoms and physician diagnosis following the criteria 
described by the American Thoracic Society.[45] All adult donors 
and the parents/guardians of children donors (<18 years old) 
were requested to sign a fully informed and written consent, 
approved by the Ethics Review Committee of the King Khalid 
Hospital. This study was approved by the Ethical Committee 
of the KKUH. Peripheral blood was extracted and DNA 
was purified from 2 mL of whole blood, using a QIAamp 
DNA Blood Midi Kit (QIAGEN Sciences, Maryland, USA), 
following the manufacturer’s instructions. DNA concentrations 
were determined using a spectrophotometer (Nano Drop 
2000c, Thermo Scientific, Wilmington, USA). Genotyping for 
rs1801275 and rs1805010 polymorphisms in the IL-4Rα gene 
was performed by PCR amplification, followed by sequencing. 
PCR amplification of the two regions of the gene encompassing 
the variants was done using Taq Polymerase (New England 
Bio Labs, Quick-Load Taq 2X Master Mix) and specific primers; 
primers for rs1801275: 5’-AGG AAT GAG GTC TTG GAA AGG 
(right) and 5’-AGG AAG TAG AAC CCG AGA TGC (left); 
primers for rs1805010: 5’-AGC CCA CAG GTC CAG TGT AT 
(right) and 5’-GAA GAG CTT GAT GCG GTT CC (left). Cycle 
sequencing of the purified PCR fragments was performed 
using the Big Dye Terminator kit and capillary electrophoresis 
(Applied Biosystems, Sequencer model 3730xl), following the 
manufacturer’s instructions. Allele and genotype frequencies 
were analyzed by Pearson’s Chi-square tests; Yates’ P-values 
were also calculated using an interactive calculation tool;[46] 
P-values < 0.05 were considered statistically significant. 
Hardy-Weinberg equilibrium tests, linkage disequilibrium 
and analysis of interaction with covariate gender (both, crude 
analysis and adjusted for covariate gender) were performed 
using SNPStats tool.[47] Odds ratios (OR) and confidence 
intervals (95% CI) were calculated using an interactive 
calculation tool.[48] Best fit genetic model tests (co-dominant, 
dominant, recessive and over-dominant) were performed 
using the Chi-square test, and the odds ratios (OR) and 95% 
confidence intervals (CI) were calculated with the SNPStats,[47] 
or with Bland’s interactive calculator.[48]

Results

IL-4Rα polymorphisms and asthma susceptibility in a Saudi 
Arabian population
Analysis of both allele and genotype frequencies for rs1801275 
and rs1805010 polymorphisms indicated that both SNPs were 
distributed in Hardy-Weinberg equilibrium. Chi-square (X2) 
calculations tests of goodness of fit for allele frequencies 
and genotype frequencies showed that rs1801275 (Q576R) 
polymorphism was significantly associated with asthma 
predisposition [Table 1]. The minor allele, G, (21% of the 
total, including healthy and asthmatics) of rs1801275 SNP 
was significantly more frequent in asthmatics (7% more than 
expected) than in the healthy group (7% less than the expected); 
likewise, the major allele, A, was significantly more frequent in 
the healthy group (26% greater than the expected value) than in 
asthmatics (25.8% smaller than the expected value) (Yates’ X2 = 
14.1; Yates’ P-value = 0.0002*) [Table 1]. Concerning genotype 
frequencies, Yates’ X2 tests demonstrated significant differences 
between asthmatics and healthy subjects: The most important 
deviation from expected values was the minor G/G genotype, 
which was more frequent in the asthmatics (56% greater than 
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the expected) than in the healthy group (Yates’ X2 = 14.7; Yates’ 
P-value = 0.0006*) [Table 1].

Association of rs1805010 (I75V) allele frequency with asthma 
was marginal (P = 0.05*). Concerning genotypes, A/A was 
more frequent in the healthy subjects (16% greater than 
expected) whereas G/G was more frequent in the asthmatics 
(11% greater than expected); however, these differences were 
not significant (Yates’ X2 = 3.61; Yates’ P-value = 0.16) [Table 1].

A non-adjusted association analysis of genotypes in which 
several genetic models were tested indicated that both IL-4Rα 
SNPs were significantly associated with asthma prevalence 
(P < 0.05) [Table 2]. In this analysis, the best fit genetic model 
was the Dominant model for both IL-4Rα SNPs, suggesting 
that a single copy of the minor allele, G, is enough to increase 
the risk of asthma (e.g., A/G and G/G genotypes would 
have same effect) (rs1801275: OR = 2.12; 95% CI = 1.39-3.22; 
P < 0.001*; rs1805010: OR = 1.6; 95% CI = 1.01-2.53; P < 0.05*). 
To rule out a possible bias due to incomplete matching by 
gender on recruitment, an analysis adjusted by gender was 
performed: Only the association of rs1801275 (Q576R) with 
asthma remained significant [Table 2].

Interaction of genotype frequencies with gender and 
susceptibility to asthma
We next analyzed whether the interaction of SNP with gender 
could alter the risk of asthma; this analysis involved testing 
several genetic models of inheritance [Table 3]. In the best fit 
Dominant model, with genotypes nested within genders, the 
major A/A genotype of rs1801275 (Q576R) had significantly 
lower odds to be associated with asthma in both genders 

(males: OR = 0.50, 95% CI = 0.30-0.84*; females: OR = 0.34, 95% 
CI = 0.12-0.90*) [Table 3]. Likewise, the A/G-G/G genotypes 
combined had significantly higher odds to be associated with 
asthma, in both genders, suggesting that allele G increases 
the risk of asthma (males: OR = 2.0, 95% CI = 1.19-3.39*; 
females: OR = 2.92, 95% CI = 1.11-7.71*). In the analysis done 
with genders nested within A/A genotype, females but not 
males, had higher odds of significant association with asthma. 
Similarly, when genders were nested within A/G-G/G 
genotype, females had higher odds of significant association 
with asthma, whereas males had lower odds of being associated 
with asthma [Table 3]. These results indicate that this SNP is 
more prominent in asthmatic females than males.

In the case of rs1805010 (I75V) SNP, data analysis with genders 
nested within A/G-G/G genotype, indicated that females had 
significantly higher odds of association with asthma; no other 
significant interactions were observed [Table 3]. Furthermore, 
both SNPs were found in linkage disequilibrium (D’ = 0.27; 
P = 0.003*). In addition, the G-G haplotype was significantly 
more frequent in the asthmatics than in healthy group 
(OR = 2.43, 95% CI = 1.59-3.71; Yates’ P < 0.001*), suggesting 
that when G alleles from both SNPs are inherited together, they 
tend to increase the susceptibility or risk of asthma [Table 4].

Discussion

The IL-4 receptor alpha is a vital element through which 
extracellular IL-4 and IL-13 cytokines signaling are transduced 
into alternative cell-specific responses, affecting many processes 
including the immune response.[1,2,4] This receptor mediates in 
B lymphocytes the class-switch recombination mechanism and 

Table 2: Association of IL-4R-alpha SNPs with asthma (non-adjusted and adjusted by gender)
SNP Model Genotype Asthmatics N (%) Healthy N (%) OR (95% CI)§ Yates P-value AIC† BIC†

rs1801275 Dominant 
(non-adjusted)

A/A 101 (53.2) 137 (70.6) 1.00 0.0004* 523.8 531.7
A/G-G/G 89 (46.8) 57 (29.4) 2.12 (1.39-3.22)

Dominant 
(adjusted)

A/A 86 (53.1) 137 (70.6) 1.00 0.0006* 453.7 465.3
A/G-G/G 76 (46.9) 57 (29.4) 2.12 (1.37-3.2)

rs1805010 Dominant 
(non-adjusted)

A/A 44 (25.1) 63 (35) 1.00 0.05* 492 499.7
A/G-G/G 131 (74.9) 117 (65) 1.6 (1.01-2.53)

Dominant 
(adjusted)

A/A 39 (27.7) 63 (35) 1.00 0.20 421.6 432.9
A/G-G/G 102 (72.3) 117 (65) 1.41 (0.87-2.27)

†AIC = Akaike information criterion, BIC = Bayesian information criterion, *Significance is set at P-value < 0.05, §OR (95% CI) for rs1801275 A/A genotype, 
non-adjusted and adjusted, respectively: 0.47 (0.31-0.72*), 0.46 (0.29-0.72*) §OR (95% CI) for rs1805010 A/A genotype, non-adjusted and adjusted, 
respectively: 0.62 (0.39-0.99*), 0.79 (0.48-1.30)

Table 1: Allele and genotype frequencies for IL-4Ralpha SNPs
SNP Allele or genotype Asthmatics N (%) Healthy N (%) Deviations§ % Yates chi square Yates P value
rs1801275 A 277 (0.73) 327 (0.84) -7.1 7.0 14.143 0.00016*

G 103 (0.27) 61 (0.16) 26.3 -25.8
A/A 101 (0.53) 137 (0.71) -14.2 13.9 14.74 0.0006*
A/G 75 (0.39) 53 (0.27) 18.4 -18.0
G/G 14 (0.07) 4 (0.02) 57.2 -56.0

rs1805010 A 178 (0.51) 209 (0.58) -6.4 6.3 3.42 0.05*
G 172 (0.49) 151 (0.42) 7.7 -7.5

A/A 44 (0.25) 63 (0.35) -16.6 16.1 3.618 0.16
A/G 90 (0.51) 83 (0.46) 5.5 -5.4
G/G 41 (0.23) 34 (0.19) 10.9 -10.6

§Percentage deviation is calculated as [((observed-expected)/expected) ×100], *Significance is set at P-value < 0.05
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generation of immunoglobulins IgE and IgG, which happens 
in response to IL4/IL-13 and allergens/antigens.[4,14,16] The 
crucial role of IL-4Rα in the pathogenesis of allergic disorders 
has driven multiple studies aiming toward the development 
of therapeutic compounds to modulate its function.[2,12,15,16]

In this study, we found that two SNPs of the IL-4Rα gene, 
rs1801275 and rs1805010, were significantly linked with 
increased risk of asthma in a Saudi Arabian population. 
Thus, our findings are in agreement with previous reports 
on different ethnic backgrounds.[9,28,31,35,37-41] In this study, 
we confirmed that the minor allele, G, was found more 
frequently in asthmatics than in healthy subjects; likewise, 
the major allele, A, was found more frequently in the healthy 
subjects than in asthmatics. Genotype frequencies with 
allele G, namely A/G and G/G, were significantly more 
frequent in asthmatics, thus supporting a possible link of 
the mutant allele, G, with asthma prevalence. The dominant 
effect of the mutant G alleles predicted from our study was 
previously reported in in vitro studies.[33,35] Importantly, linkage 
disequilibrium analysis confirmed a significant association of 
V75/R576 with asthma, suggesting that both risk mutations 
inherited together enhance the predisposition to asthma in 
the Saudi population; it was reported previously in atopic 
asthmatics from USA that both V75/R576 SNPs inherited 
together can result in greater association with atopic asthma 
than either allele alone.[35] A theoretical explanation for the 
apparent dominant effect of risk allele, G, may result from 
the direct interaction of IL-4Rα subunit with STAT6, which 
is then activated by phosphorylation.[28,30] On the other hand, 
IL-4Rα polymorphisms alone may not always influence the 
susceptibility to disease;[29,42,49] however, the combined effect 
of IL-4Rα Q576R (rs1801275) SNP with mutant alleles in other 
genes could contribute significantly to disease susceptibility, 
as determined by in vitro functional studies,[10,33] albeit not 
without discrepancies.[34] The consequence of these findings 
is that common variants alone cannot account for a given 
disease; asthma is a complex disease where many genes are 
involved.[19,20,23] Given the complexity of asthma, it could be 
speculated that in an individual, multiple SNPs in several genes 
could act in concert or synergy to produce a significant effect.[17]

A great deal of research has been dedicated to the functional 
relevance of this receptor in many inflammatory disorders, 
including asthma.[8,21,36,43,44] Although we have a fairly good 
understanding of the molecular mechanisms by which the 
IL-4Rα and its ligands IL-4 and IL-13 induce a stimulatory cell 
signaling, we still have yet to determine the impact or relevance 
of the many mutation variants of this gene in asthma and other 
diseases. The IL-4Rα is highly polymorphic, but only a few of 
these mutations have been functionally studied. Nevertheless, 
many polymorphisms occurring within the coding regions of 
genes do not always produce a significant phenotype change 
(on health or in development).[50] Both rs1801275 and rs1805010 
variants are considered ‘gain-of-function’ mutations, where 
they abnormally enhance or promote STAT6 signaling: In 
vitro experimental evidence suggests that these mutations 
contribute to maintain STAT6 in a phosphorylated state, 
hence active even after the ligand has been removed, which is 
observed as increased CD23 expression.[30,33,35] However, in vivo 
evidence supporting that these particular mutations contribute 
to enhanced STAT6 activity is missing: One study showed that Ta
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the rs1801275 mutant was not associated with serum IgE levels 
in Chinese asthmatic children.[49] Moreover, functional studies 
testing the effect of a single SNP not always have demonstrated 
an association with response.[34,35] Another source of uncertainty 
is that genetic association analyses do not consistently agree 
on whether a given variant (SNP) contributes significantly to 
asthma predisposition, and the question remains unanswered 
of whether this is influenced by the ethnic background and/or 
environment.[17,25] In this respect, the Saudi Arabian population 
has a high frequency of asthma, reaching 11%.[22,51] Consistently, 
allele variants of IL-17A, IL-17F and ADAM33 genes were 
found associated with asthma in this population;[22,52] however, 
more studies are needed to further identify critical genes 
influencing asthma susceptibility in the Saudi population. 

Conclusion

Although much remains to be done, our data provide important 
information supporting the association of two IL-4Rα variants 
with asthma in this ethnic group. This could be useful in future 
studies to assess the risk of individuals to asthma and allergy-
related diseases, with the aim to implement a personalized, 
management medical program for individuals with high 
genetic risk.
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